INTRODUCTION
Rapid increase in global energy requirement resulted in considerable attention towards renewable energy sources as there are shortages of fossil fuels. VAWT is one of the important options to produce sufficient electricity for household's application at rural and urban area as it has got various advantages like simple in construction, low cost, works independently irrespective of wind direction and also operates well in turbulent wind conditions. This makes it suitable for power generation for house hold application in rural and urban areas in many countries.
Rasuo et al [1] developed the composite material turbine blade and full scale testing was carried out for behaviour analysis. The composite blade profile was fabricated from fibreglass skin. Biadgo, A. M., and Aynekulu, G [2] explained aerodynamic design methods based on general momentum theory and blade element momentum theory for horizontal axis wind turbine (HWAT). In this research the paper user interference computer program is written in VISUALBASIC to estimate the aerodynamic performance of the existing HAWT blades and used for performance analysis of turbine. Rasuo et al [3] and [4] used genetic algorithms for determination of optimum positions of single wind turbines within the wind farms installed on arbitrary configured terrains for maximum effectiveness. In wind farm layout optimization and the positions of the turbines should be adjusted freely so that the wind wake effects could be reduced.
Darrieus turbine operates basically on the lift force; it was first developed by G.J. Darrieus, a French Engineer in 1925. It operates at higher rotational speed due to much higher relative wind velocities and produces more power [5] [6] [7] [8] Ying-pin as referred in the Ref. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Some of the researcher proposed VAWTs with individual blade pitching and claimed 25% higher power coefficient than of collective pitch control. It is learnt from the literature survey that most of the referred pitch control methods are under develop and require more efforts to improve its performance [23] [24] [25] . As explained above, the methods used for pitching blades are still required more attention and investigation in order to enhance the overall performance of the turbine under different TSRs. The main objective of this research paper is to present the effect of different best position blade pitching curves on overall performance of the turbine to self-start at low wind speed and increase its power coefficient at various TSRs. In this paper SST and DMST mathematical models are developed and numerical analysis of the turbine and its comparison between SST and DMST is carried out to predict the performance of the turbine.
METHODOLOGY
Various computational models have been previously used by many researchers to predict the performance of the wind turbine with their own strengths and weaknesses. The detailed information of all these computational methods for a small scale VAWT can be referred from Ref. [6] The induced velocity is assumed to be constant throughout the induced velocity zone.
The induced velocity and Wake velocity can be expressed as,
According to momentum principle across the stream tube, the force on the turbine is given as, 
where, I is interference factor and it given as, Figure 2 shows, the local velocity field and aerodynamic forces acting on the blade with pitch angle at specific azimuth angle in the rotation of the turbine.
The angle of attack (α) is calculated for variable pitch turbine as, In case of fixed pitch consider γ=0 in the above equation.
The relative wind velocity (V r ) can be also be obtained as,
The blade chord wise tangential force coefficient (C t ) and a normal force coefficient (C n ) can be obtained with C L and C D by the following equations,
For the turbine with number of blades 'B', the total torque becomes as, 2 2 r t 0
Then, we can calculate the power generated by turbine (P t ) by the following equation as,
The total thrust on the turbine with number of blades 'B' is calculated by,
Interference factor given as,
where, σ is the solidity of the turbine and it is defined by following equation,
The efficiency or power coefficient (Cp) of turbine is the ratio of the turbine power output to the wind power input. It is calculated by following equations:
Power coefficient of the turbine is given as,
Performance of the turbine is analyzed by using above equations in the MATLAB programming.
Double Multiple Stream Tube (DMST) model
The Double Multiple Stream Tube (DMST) model developed by Paraschivoiu I. and this model allowed for the difference between the upwind and downwind passes of each blade by dividing each stream tube into an upwind half and a downwind half as shown in Figure  3 . The turbine's interaction with the wind in the upwind and downwind passes of the blades separately.
In the upstream and downstream region, the free stream velocity (V ∞u ) is decreased along the axial direction of stream tube by interference factors a u and a d such that the induced velocity (V u ), equilibrium induced velocity (V e ) and downstream induced velocity (V d ) can be given as, The interference factor, a u for upstream side is calculated as,
The upstream and downstream half power coefficient given as,
pd qavd
The total power coefficient of turbine is the addition of upstream and downstream power coefficients
A Matlab program is developed by using the above referred two momentum models to calculate the various parameters of the turbine. In this Matlab program lift and drag coefficient for local Reynolds number and angle of attack are used from the data table by Sheldahl, & Klimas, 1981 [23] .
VALIDATION OF PRESENT MODEL CODE:
The SST model code is validated with the experimental results from the research paper reported in the Ref. [9] . The detailed specification of VAWT used in this reference is as given in the Table 1 . Figure 4 presents the comparison of power coefficient Vs TSRs CFD results of turbine used in Ref. [9] and present simulation code. The results developed by present simulation code indicate good correlation with Ref. [9] . The DMST model code is also validated with the computational results from the research paper reported in Ref. [10] . The detailed specification of VAWT used in this reference is as given in the Table 2 . The Figure 5 represents the comparison of power coefficient from DMST simulation code and results available in Ref. [10] . The results indicate good correlation with the simulation results available in this reference. 
OPTIMIZED BLADE PITCHING CURVES AND SPECIFICATION OF PRESENT MODEL
The present analysis of the VAWT is carried out by using optimized six best blade pitching curves as shown in Figure 6 . The six best pitching curves are designed for the tip speed ratio 0 < λ < 3. The dimensional parameters of the turbine indicated in the Table 3 .
Optimized best position of the blade is fixed at pitch angle to produce the maximum tangential force to rotate the turbine and produce the maximum power output to improve the performance of the turbine. 
POWER COEFFICIENT OF VAWT
The analysis of power coefficient of turbine is carried out by using optimized six best blade pitching curves at specific TSRs as mentioned in Figure 5 .
The symmetrical NACA airfoil blades are commonly used for VAWTs. The symmetrical airfoil NACA0018 is considered for this analysis. The available airfoils with sufficient data to conduct the study of the aerodynamic characteristics of the turbine is available in an energy report issued by Sandia National Laboratories, Sheldahl & Klimas, 1981 [23] .
Power coefficient of VAWT with six best position blade pitching curves by SST model
First SST model is used for the power coefficient analysis of the VAWT by using optimized six best blade pitching curves with the turbine as specified in the Table 3 . The performance of VAWT at different pitch angles ranging from 45° to 10° with best position pitching curves 01 to 06 is carried out at different TSRs from 0.5 to 3 and presented in the Figure 7 . The significant variation of power coefficient of turbine at different TSRs with optimized pitch angles can be seen from the Figure 7 . At TSR 0.5, the turbine gives best power coefficient for pitch angle of 45° with pitching curve-01. Similarly, other different pitching curves from curve 02 to curves 06 give better power coefficient and maximum power coefficient 0.49 at TSR 2.5 is reported by best pitching curve with pitch angle 15°. At lower TSRs from 0.5 to 1.5 higher pitch angles from 45° to 30° give better power coefficient and same at higher TSRs from 2 to 3 with lower pitch angles from 25° to 10°. The predicted power coefficient of turbine (h=0.6m, R=0.3m, c=0.095, B=4, AR=1.0 and σ =0.1591) at wind velocity 5 m/s with pitch angles varied from 10° to 45° (six best position pitch curves, Figure 6 ) is obtained by both SST and DMST model analysis and presented in the Figure 7 and Figure 8 . It is observed that, all six best position blade pitching curves are suitable to produce maximum power from the turbine at TSRs ranging from 0.5 to 3.
Comparison of power coefficient between SST and DMST model
The result of power coefficient Vs.TSRs for optimized pitch curves 1-6 from SST and DMST models are obtained and their coparative results are presented in the figures from Figure 9 to Figure 14 . It is clear from these figures that, power coefficient from SST model is higher than the DMST model for TSRs 1.5 < λ< 3. The very less variation of power coefficient in the range of TSRs 0 < λ < 1.5 is reported by the comparison of results of SST and DMST model. This is because SST model predicts higher power coefficient than the actual experimental results at high TSRs. In SST model analysis the wind variation across the turbine is not considered. This effect is increases with TSRs. In this model induced velocity is assumed uniform across the turbine. In the DMST model variation of induced velocity at upstream and downstream half is considered for the analysis of power coefficient. Therefore the results obtained from DMST model are less than those from SST model. 
CONCLUSIONS
In this research paper mathematical modelling and Matlab programming based on SST and DMST model is carried out to understand the power coefficient of the turbine.The following conclusions can be drawn from this research paper.
The maximum power coefficient can be obtained for variation of TSRs from 0.5 to 3 by using the six best position blade pitching curves with varying the pitch angle of the blades. For the present turbine from SST model, the maximum power coefficient of 0.49 is obtained by changing the pitch angles from 30° to 10° for variation of TSRs 1.8 to 3. High (about 45° to 40°) pitch angles with best position pitching curves 1 & 2 are preferred for TSRs below 1 (λ=1) in order to start the turbine by itself. The pitch angles from 30° to 10° with best position pitching curves 3 to 6 are suitable to gain the maximum power coefficient for TSRs in the range of 1.5 and 3. The maximum power coefficient (C p ) of 0.49 according to SST model and 0.40 according to DMST model is obtained from 5 m/s wind velocity at λ=2.5 for pitching curve-5 and pitching curve -6 respectively.
The SST model predicts higher power coefficient than the DMST model at high TSRs. The power coefficient from SST model is higher than the DMST model for TSRs 1.5 < λ < 3. The very less variation of power coefficient in the range of TSRs 0 < λ< 1.5 is reported by the comparison of the results for SST and DMST model. Анализира се утицај најбољег положаја лопатице на коефицијент снаге ветротурбине са вертикалном осом обртања при различитом односу коефицијента рада ротора. SST и DMST модели се користе за анализу. Резултати показују да метод најбољег положаја лопатице побољшава капацитет само-покретања и коефицијент снаге турбине. Крива-1 најбољег положаја лопатице под углом од 45 o даје максимални коефицијент снаге код коефицијента рада ротора 0,5, док крива-5 најбољег положаја лопатице под углом од 15 o даје максимални коефицијент снаге код коефицијента рада ротора 2,5. Резултати добијени за оба модела су упоређени и приказани на крају рада.
